). This is a triangular plastic structure with a groove in its center. The needle is put in the groove and fixed with the thumb, placed on the thumb rest. The angulation of the guide is such that the needle will intersect in the center of the ultrasound image at 1.5 cm below the transducer surface ( Figure 2 (Figure 3 , right panel). After anesthetizing the skin with 1% xylocaine, a 2-mm skin incision was made. A 19-gauge, 10-cm needle (Cook Corporation, Bloomington, Ind.) connected to a 10-mL syringe was advanced through the skin and fixed in the needle guide on the ultrasound transducer.
External Landmark Technique
The skin at the top of the triangle between the sternal and clavicular head of the sternocleidomastoid muscle was anesthetized with 1% xylocaine, and a 21-gauge, 10-cm "finder" needle connected to a 2-mL syringe was advanced through the skin at a 450 angle in the direction of the right nipple (for cannulation of the right internal jugular vein). When venous blood was aspirated, the finder needle was used to guide a 19-gauge, 10-cm needle connected to a 10-mL syringe.10 In all patients, a standard guide wire was advanced through the needle. The needle was then removed, and a catheter or sheath was placed over the wire and advanced into the internal jugular vein.
Data Collection and Analysis
Access time was defined as the time between penetration of the skin and aspiration of venous blood into the syringe. When multiple sticks were required, only the time when the needle was on the skin or advanced was taken into account. This provided an objective comparison between the two techniques. Taking the entire procedural time into account would have clouded the issue because other parameters such as nursing performance could affect the measurement. Preparation times for both techniques were very similar. The time it takes to wrap the transducer in a sterile sheath is compensated by a more rapid localization of the vein as compared with the landmark method. The access time was measured in seconds by stopwatch by the nursing staff. Number of attempts (needle thrusts) and complications (carotid artery puncture, skin hematoma, brachial plexus irritation) were recorded. Carotid artery puncture was noted by forceful pulsatile expulsion of bright red blood from the needle. Brachial plexus irritation was recorded when the patient complained of pain radiating down the ipsilateral arm during advancement of the needle. The Student's t test for independent means, x2 analysis, or Fisher's exact test where appropriate were used to determine differences between the two groups.
Results
In all except 34 patients (3.6%) in the ultrasound group, the right internal jugular vein was visualized and cannulated. The carotid artery was clearly visualized without neighboring venous structure or with a very small internal jugular vein in each of these 34 cases. All of these patients were cardiac transplant recipients and had had many prior cannulations for endomyocardial biopsies. We hypothesized that the absence of the vein probably represents thrombosis or occlusion, whereas a very small vein may be scarred by multiple access and loses its ability to expand during the Valsalva maneuver. We therefore feel confident that this does not represent a failure of ultrasound visualization. In all 34 of these patients, the left internal jugular vein was visualized and successfully cannulated. Twenty patients had at a previous sitting an unsuccessful attempt at internal jugular vein cannulation using the traditional landmark approach. In nine of these patients, the internal jugular vein was very small and did not increase in its diameter during the Valsalva maneuver or was not visualized despite excellent visualization of the carotid artery. In 11 of these patients, it was noted that the internal jugular vein was positioned more medially and overlying the carotid artery. Using ultrasonic guidance, venous access was uncomplicated in 11 patients.
Average access time was 9.8 seconds (2-68 seconds) using ultrasound. In 722 (77.8%) patients, the internal jugular vein was accessed on the first attempt ( Our failure rate of 11% in the external landmark group is similar to the published data. Sznajder et a12 reported a complication rate varying by physician experience (house staff-attendings): arterial puncture, 6.7-3.3%; pneumothorax, 1.7-0.8%; and hematoma, 2.6-1.1%. The incidence of arterial puncture in our study (8.3%) using the external landmark method is in the range of the larger studies. This may reflect underestimation of its incidence in smaller studies. Recognition of this problem has led many groups to use a small-gauge "finder" needle to locate the internal jugular vein before engaging a larger 18-or overlying the carotid artery rather than being in the more lateral position. 
